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- Principle of Forced Gyroscopic Stouilizatica

. In designlig gyroscope supporta and in general comnstruction, two different

T principles are employed to take readingh from gyroscopic apparatus and stabi-
lizers. The first of these principles consists of the maximum load-relieving

" of the gyroscopic sensitive element from the disturbing forces which may have

caused the element's declination fram the position to be maintained. To do
this, various, rather iatricate antifricticnal devices are employsd, and the
readings are taken from the minimum mechanical load of the sensitive element.
Both problems are often solved with the belp of a tracking system, which re-
produces all the sensitive element's movements reiative to the ship or air-
plane in which the epparatus is set up. Opne of the difficulties consists in
the fact that the ervors in the sensitive element are accumulated along with
the errors in the tracking system and tlie high stability of the gyrogscopic
system cannot be fully utilized.

The other principle may be called the primciplz of forced stabilizers and
consists of employing & luad-relieving servomotor or electromagnete which
contribute forces that coupensate for the frictional forces in the supports
and the slow reaction of the sparatus in tranemitting the readings. To con-
trol or regulate automatically the load-relieving of the apparatus, small
relative movements are utilized in the system of the gyroscopic sensitive
elenent. Such movements are caused by the disturbing forces.
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During these movements, i.orecver, gyroscopic moments arise which reslt
against “he disturbing force and govern the stabllization at the first mo-
ment, so long as the load-relieving anparatus 1s not opersting. In this case
there is nc need, either for the trackirg system or for a super delicate de-
signing of the externsl supports of the sensitive element, and the readings
can be taken immediately with it. Here the frame of the gyroscopic sensitive
element aseumes, at *he same time, the roie . of the tracking asystem.

As example. of a forced stabilizer is the well-known gyroscopic bodometer
the description of which is in E. Sperry's book /I/.. The book alsa eiows
that, with the aid of two such Sperry stabilizers, it is possible to obtain an
artificial horizon; that is, a platform able to be mainteined in a position
cloee to the horizontal.

Equations of Motion of & Ferced Gyroscopic Horizon .

One of the posaible schemes is presented in the appended figure. The )
axis of the Cardan wheel 1s directed along the longitudinal axis of the ship.
The stabilizeble vlatform can be rotated relative to the wheel arcund the sec- .
oud Cardan x axis. The aagles of rctation around these axes rnre venoted by
alpha and beta and are ageumed to be small. Sx end 8 are the load-relieving .
motorg. The g plene of the true coordinete system ;‘9; ; which 13 connected
with the ship, "is assumed to be horizontsal. .

The xy plane o: the gecond cocrdinate ystem xyz 1is the plane of the n]at—
form. The housings of the four gyroscopes of natural muments H o H'y &
can rotate relative to the platform around the perpendiculars to thelr es. Xo
thet the axes of rotation of the gyroscope remain in the xy plane. Since the
housings are joined in pairs as antiparallelograms, then for smell angles of
precession o, ' of the frist twoe gyroscopes we have epproximately the re-
lation » = —(~'. Arnmlogously, for the other two gyroscopes we have == — 7.
The srrows &, and H_ 1u the disgram represent also the slide runners of the
pov.ntiometers, whith control the load-relieving motors. The moments, trans .
ferahle by the motors to the Cardsn axes, are S, T—U5 'yU , wnere &y and Sy
ure comsiderca constaut.

In order to creale the regulating forces, the horizontal pepdulums Ky and

& are empnloyed, wh.ich regulate the motors E, and E, placed on the precessional
eg of the gyroscopes. During any movement of the ship of constant velocity

v with respect tc the ship course, making a constant angle §’ with the direction
of the north, the inclinations of the pendulums are proportional to the pro-
Jections p and p@ of the weight p of the pendulum bob upon the axes X end
y. If the speed is changed and the ship's trajectory has a radius of curvature

, then the pendulums are acted upon by other forces; namely, the forces
of inertia pvz/gp, ——pv,’g Therefore the moments generated by the regulating
motors are K, . (a—f— (86— ), where l(§ and K, are assumed to be
constant and w = is the anguia.r velocity of circulation (ship's turning on
the arc of radius R).

As for the equations of motion, it is poseible to comnect the equations
of moments relative to the X, y, axes for the whole system and the equaticns of
moments relative to the whole precession for the gyroscopic palrs Hy, H'y, and
Hy, B
Y

-BE=Tx~- Sy, Ad=Ty—Syo,
T+ Ka(at =)= 0, R 4kKy (=% )=0.
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Rere A, B ere the moments of inertia of the whole aystem relative to tue X,
y exes and the inertiel terms of form C,5 , Cp 4% 1in the two lstter equationt
are disregarded, lo as much as the corresponding masses are not lsrge; ' X,
1, I 2 are the gyroscopic moments, whose expressions may be obhtained
article by Ya. K. Roytenberg [2 7 Degigrating

the angular velocity of the earth's rotetion by U, the eerth's radius by R,
the latitude of the place by ¢ , teking into consideration the warious dis-
tinctions in the remaining designations, and asspuring that Hy = H'xi Hy - H'v’

then we shall find that:
Ty == 2Hx o(Usin P+ )t 2Hy T,
T =2Hy [Veos @ eos wa—(Usin g+ )@l
E:ZHy[Ucosqy sin (f—}-—,‘é» -f-@ —+ (U sin gtw)al.

)

srob’the formulas (2.10) ir the

Ty Hy 7(Usin@ F @)= 2120

Substituting in the equations of motion and disregarding the products of

Uain({’by X, 8,0, 7~ we then cbtain:
——B,IQ‘WZwaO‘“I"ZHy"“"f'Sx’E" Adg=2Hywr—2Hxg ~Sys (1)
zu,(ucm,,c.u?,+c;,wp)+z<x(a+“—;,x)=o,' g
ZH,(Uao: ¢ sinql-Jr-—%' + 64 w“)"’Ky (p-'y}';)=0.

Hence it is seen that, if a ship moves with cgnstant velocity with re-
spect to e constent course (Ve const, Pmeconst, Vo co 0), then the coordi-
nates o .G, =, 7;vary aprrioiically end tend to a constant l.miting veiue

- A vomln
G, @y o1 Ty waeIS:

a*=—_§w"_“-i_, o . 2Hy<Uw$‘PSin‘P-+_&> (3)
Ky 5 Ky

quantities are velocity deviations; they are small if i, are rufficiently
large. For v of= O and w =k O the apparstus receives sevetal ballistic de-
viations which can be studied by the usual methode [ 3_7.

Possibility of Obtaining aa 85 -Minute Period ard of Compensating for 2allistic
Daviations

We sball rm.dify the preceding scheme by uniting the pendulum K with the
gyroscopic Hx, ', and the peadulum with the gyroscopic , H'y. Equations
(1) are mot Boairied, but in equstions’(2) the expressins Kxla-t- ) and
:Z(@— F ) will vary #lightly in places where we effect connectionis in such a
r that the second expression has the minus sign. Assuming that:

Ky Kz
30, zu,’" k, (&)
- 3 -
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ve obtain instead of (2)
d— (bt w)g=—Ucos ¢ cos (,L‘——fé—v.

g+ (k Few)a=—Uces psin (P._.;Yz_ﬁf?.‘!_; {5)

¢

1 = o ¥8, -
z + 8 6)

or by setting

and multiplying by 1 and 1 and then adding, we obtain:

z 4+ i(/{—f-—w)zu?“Uco:Soai‘,’n'—in*‘—Jgﬁf—':—g-}—w—v) n

We are then led to a new unknown:
[
f==—2z7

(8)
where the quaa*ity ) '
1 et¥_ X
s (V9=
b (9)

15 the velccity deviation; we . Ote that (,b: —ew and we write

g_
V='\/>'k5 =1,241-1077 sec —'
(10)

hence, we obtain the following tramsformation equation '

)j.{_é(k-{_w) z—%(/“ﬁ)(\;-}‘in), (1)

Tf we calect the parameters such that k - v , then the equatiox: be-
ccmes homogeneous. Thic indicates that the apparatus in this cese does ao%
possess bellistic deviations. Thus for the given systen compensation is
possible according to M. Shuler, gince the system acts dvring compensation
as a gyroscopic pendulum with e Dperica of prieewsion:

P e
-T ‘T = 84}4 m/nu-( S. (12)

It does not present any difficulties to provide for dampening of the -
tree procession. In order to do this, 1t is necessary to combine both of
the discussed verients of the system by Jolning each of the pendulums with
both gyroecopic pairs and by selecting in e suitable manner the Lransmission .

ratios of signals.
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